The interaction between the complex antisymmetric tensor matter field and a scalar field is constructed. We analyze the Higgs mechanism and show the generation of mass and topological terms by spontaneous symmetry breaking.
to that bounded at the time infinity. In this case, only two degrees of freedom contribute to the energy and momentum.
As shown by Lemes et al [11] , another aspect of ATM fields forbids the existence of a mass term to them, namely the complex self-dual condition. Despite of this, in this paper we analyze the possibility to give mass to a ATM field through the Higgs mechanism. As will be shown, a scalar field is coupled to the ATM field and by requirement of parity it is described as a doublet where one of its components is a pseudo-scalar. On the other hand, neglecting the parity, a topological term to the ATM field can also be generated by spontaneous symmetry breaking.
Let us begin by introducing the notations and conventions that will be used throughout this paper. We use the metric η µν = diag (+, −, −, −), and the totally antisymmetric tensor ε µνρσ is normalized as ε 0123 = 1. In Minkowski space-time, we take the antisymmetric tensor matter field T µν as real component of a complex second rank tensor ϕ µν which obeys the complex self-dual condition [11] , namely
where
Thus the complex ATM field can be coupled to axial Abelian gauge field and Dirac spinors in a more compact way than that originally proposed by Avdeev and Chizhov [9] ,
The above action is invariant under the following gauge transformations,
Under parity (P) and charge conjugation (C):
Now we construct the coupling between the complex self-dual field ϕ µν and the complex scalar field φ = φ 1 + iφ 2 restricting ourselves to the power-counting renormalizable interactions, gauge invariance, and the parity symmetry of the model described in (4) and (5), respectively.
Since we are interested in mass generation, we take only quadratic terms in ϕ µν . However, from the self-dual condition (1) and the properties of the LeviCivita tensor in Minkowsky space-time we have ϕ * µν ϕ µν = 0, which implies that the most general quadratic terms in ϕ µν coupled to a complex scalar φ and renormalizable by power-counting are the form
where c.c stands for complex conjugate terms such that (7) becomes real with a, b, c, and d arbitrary constants. Notice that, from the action given by Eq. (3), the self-dual tensor ϕ µν has canonical dimension equal to one. The value is the same for a scalar field in four dimensions.
The requirement of gauge invariance has given us four different gauge transformations for the scalar field, with charges ±2h and ±4h. This implies that only one term of (7) can be added to the Lagrangian (3).
Now turning back to the parity invariance of the interactions, the quadratic term ϕ µν ϕ µν is transformed under parity by
To make all the terms in (7) invariant under parity, a, b, c, and d must be real and the complex scalar field φ must be transformed as φ → φ * . This implies that φ 1 → φ 1 and φ 2 → −φ 2 , i.e., φ 2 is a pseudo-scalar.
We are able now to analyze the spontaneous symmetry breaking, first focusing our attention to the interaction term given in (7) with the parity being preserved. The Higgs potential is
The minimum of (9) occurs at φ
In principle there exist infinity number of physical equivalent minima. Let us emphasize here that in our case the complex scalar field has a component which is not a scalar but a pseudo-scalar. Under parity the φ 2 component is transformed as φ 2 → −φ 2 . Consequently, the invariance of the model by parity symmetry fixes its vacuum expected value to be zero, i.e., 0|φ 2 |0 = 0. Instead of infinity number of physical equivalent vacua we have only two possibilities: 0|φ 2 |0 = 0 and 0|φ 1 |0 = v or 0|φ 2 |0 = 0 and 0|φ 1 |0 = −v. According to the charge of φ field and redefining the φ 1 field as φ 1 = φ ′ 1 ± v, the interaction terms in (7) can be written in terms of T µν as: i) φ with charge +4h
ii) φ with charge −4h
iii) φ with charge +2h
iv) φ with charge −2h
Let us examine carefully each type of interactions above. For a fixed value of the parameter a there is no way to avoid tachyons because ±va is not always positive. The same occur for interaction ii). Then the first two types of interactions are not physically acceptable. The interactions terms (iii) and (iv) have the mass term dependent on v 2 which is always positive. In order to avoid tachyons c or d must be positive depending of the charge of φ. Consequently the ATM field acquire mass m = 4|v| √ c for φ with charge 2h and mass m = 4|v| √ d for φ with charge −2h. Each pole of ATM field is free of tachyon since we have only two allowed vacua compatible with the parity symmetry.
Let us now examine the case when the parity invariance of the theory is relaxed. In this case φ 1 and φ 2 are suppose to be scalars. To simplify the analysis, we consider a, b, c and d real constants in (7). We have now that the vacuum expected value of φ 2 can be non zero value, i.e., 0|φ 2 |0 = v 2 and
This modify all the terms (i) − (iv). For instance, (i) reads
Besides a mass term, we also have a topological term given by
This is topological in a sense of metric independence, i.e.,
where M is a Lorentzian manifold. A similar mechanism occur in three dimensions with nonminimal coupling, where the Chern-Simons term is generated by spontaneous symmetry breaking through the covariant derivative [14] . Note that with the parity being relaxed the theory could presents tachyonic states.
Our study of mass generation for ATM fields is motivated by the interest in possible tensor interactions in weak decays. This is connected with the experiments on π − −→ e −ν γ and K + −→ π 0 e + ν decays [2, 1] . The experimentally obtained form factors cannot be explained in the framework of the standard electroweak theory. In Ref. [3] results of the experiment on π − −→ e −ν γ decay were explained by introducing an additional tensor interaction in the Fermi Lagrangian.
Summarizing, in this letter we have shown that the Higgs mechanism gave mass to the ATM field even though complex ATM field ϕ µν cannot have such a explicit mass term. Through the Higgs mechanism, the parity symmetry allows only two possible physically acceptable types of interaction. Another interesting result came from relaxing the obligation of parity invariance of the complex scalar field. In this case, we could obtain massive and topological terms by spontaneous symmetry breaking (SSB). Differently of Ref. [12] where the topological Chern-Simons term generation occurred through gauge covariant derivative, here by SSB it was possible to produce a topological term when we coupled the complex ATM field with a scalar field. Our work can be compared with [15] where we propose a mechanism to generate mass to ATM field which preserves the U(1) symmetry. By this mechanism, a topological term is introduced via a complex vector field.
